Introduction: Usage of over-the-counter (OTC) analgesic has increased among Norwegian adolescents since 2001. It has been noted that females tend to have a higher usage compared to males. In this paper we explore this gender difference. Data: Our dataset consists of 284,674 from Norwegian adolescents attending junior high school and high school between 2014 and 2017. Methods: The econometric approach consists of applying ordered logistic regressions with usage of OTC analgesics as the dependent variable and a dichotomous gender variable as the independent variable. Control variables include variables such as frequency of physical and mental health problems and other sociodemographic variables. Results: Gender, physical and mental health problems and various sociodemographic variables are found to have a significant effect on usage of OTC analgesics. Females are predicted to use significantly more analgesics. A large proportion of the gender difference evaporates when controlling for various other determinants. Conclusion: A considerable part of the observed gender difference in OTC analgesic usage can be traced back to differences in frequency and severity of physical and mental health problems. Part of the gender difference in usage, however remains unexplained.
of over-the counter (OTC) analgesics among adolescents is considerable [1] [2] [3] [4] [5] [6] [7] [8] . Furthermore, statistics indicate that the level of usage is on an increasing trend. The usage of OTC analgesics among Norwegian adolescents has increased since 2001 [3] [9] [10] [11] . Usage of paracetamol and ibuprofen increased by 1.7% and 1% respectively in 2016, where 55% of the sale was conducted in non-pharmacy outlets. The overall OTC sales of paracetamol correspond to a usage of 36 tablets per inhabitant [12] . A study from Germany found that it was very common among adolescents to use self medication such as over-the-counter drugs analgesics [1] . Similar result is found in a meta-analysis with a broader sample [13] . It is well known that over-the-counter analgesics can be effective for adolescents in providing relief from various symptoms. The most widely consumed over-the-counter drugs are analgesics (OTCAs) [14] . The most common OTCAs in Norway are Paracetamol and Ibuprofen [10] [12] . Increased usage of analgesics could be a reason for concern as usage of analgesic medications purchased over the counter is not necessarily harmless. The Norwegian Institute of Public Health reports a significant increase in the number of incidents of self-inflicted paracetamol poisoning among Norwegian girls aged 15 -19 years. From 2008 to 2016, there was an increase from less than a hundred inquires per year to more than two hundred. Based on a comprehensive review of the literature, a study [15] suggests there could be a considerable degree of toxicity regarding usage of paracetamol-especially for higher usage. Self-medication when adolescents do not follow the recommended dosage might cause liver failure and hepatocellular necrosis when paracetamol is taken in overdose [15] [16] [17] . Several studies have shown that ibuprofen (ibux) can give gastrointestinal symptoms [18] [19] [20] [21] , cardiovascular [22] and renal events [23] .
This paper, however, is concerned with a particular empirical regularity found in the data. Females are consistently found to have a higher usage of OTC analgesics compared to males throughout the literature. Despite being a well-known stylized fact, a study [24] points out that this gender-based difference is not well understood. As argued in another study [6] , frequent usage of analgesics is not necessarily bad. For instance, high usage could be considered both necessary and rational if the intention is to alleviate a medical condition evaluated by a physician. As such, it becomes important to understand the underlying drivers of the observed gender-difference in usage of OTC analgesics. Specifically, it is essential to determine whether higher usage among females is primarily driven by rational or irrational causes.
Several issues related to the use of over-the-counter or non-prescription analgesics and other medications have been investigated throughout the literature.
One strain of research within the field pertains to whether adolescents are equipped in terms of literacy, knowledge and attitude to correctly use OTC analgesics. For instance, a study [25] Another branch of the literature explores the various root causes and determinants of OTC analgesics usage. A Norwegian study [2] investigates the determinants of high-frequency usage of analgesics among Norwegian adolescents. They apply one-on-one in-depth interviews on a sample of three boys and sixteen girls in the age group of 14 to 16 during 2013 and 2014. Several possible drivers of OTC analgesics usage were suggested, such as physical pain (headache, stomach pain, etc.), conflicts with family and peers, a strong need to feel appreciated and appear successful (academic, sport, art and culture), stress and fatigue. In a similar study [3] , a cross-sectional questionnaire-based study is applied to a sample of 626 Norwegian adolescents aged 15 to 16. Comparing high-frequency users to low-frequency users, they find that the former group typically experiences more widespread and frequent pain, binge drinking, lower self-esteem, higher frequency of school abstinence, engaged in more spare-time work, higher consumption of caffeinated drinks, less sleep and lower educational ambitions. Another cross-sectional study [4] with a sample of 646 Norwegian adolescents where postal questioners and telephone interviews were conducted in 2005 and 2012 found an association between parents' and adolescents' use of OTC analgesics. Headache was further found to be the most important driver of analgesics usage and females were more frequently found to use analgesics compared to males. Similar results are found regarding the link between parents' and adolescents' usage of analgesics [29] . The authors suggest that parent's usage influences the adolescents' usage through two main channels of transmission: a socialization pathway and a pathway related to adverse living conditions. A Danish study [5] conducts in-depth interviews with 20 females aged 16 -20 . Their analysis shows that headache is an important driver behind usage of analgesics, and that the participants attributed headache to stressful conditions in their [14] showed that headache, allergies, and fever were found to be the most frequent drivers of self-medication.
Other important drivers of self-medication included variables such as gender, age and maternal education. A quantitative cross-sectional survey on 131 children aged 6 to 11 years [31] found that selfmedication was strongly associated with maternal use of OTC analgesics. Table 1 summarizes the various determinants of OTC analgesic usage identified throughout the literature and their respective expected relationships.
Aim
The aim of this research is to empirically investigate gender differences in usage of OTC analgesics among Norwegian adolescents. By using a large sample of Norwegian adolescents, we attempt to identify the empirical association between OTC analgesic usage and gender while controlling for various variables such as frequency of self-reported physical and mental health problems and several sociodemographic variables.
Structure of the Paper
The remainder of this paper is structured as follows. In Section 2, the data is presented and the econometric methodology is explained. In Section 3, the obtained results are reported. Section 4 concludes. 
Data and Methodology
The dataset utilized throughout this paper was extracted from the Norwegian high-school appears to be colinear with number of participants from high school.
As enrolment in junior high school is mandatory while high school is optional, the discrepancy is to be expected.
Our main variable of interest pertains to self-reported usage of over-the-counter analgesics among Norwegian adolescents. The question the respondents are asked to answer, is formulated as follows: "How often have you used non-prescription drugs (Paracet, Ibux, etc.)". Five possible pre-coded answer alternatives were offered to the respondents. These include: 1) "Never", 2) "Less than weekly", 3) "At least weekly", 4) "Several times a week", and 5) "Daily". .39% of the participant reported that they "never" use prescription-free painkillers, while 54.08%, 10.18%, 5.55% and 1.80% reported "less than weekly", "at least weekly", "several times a week" and "daily" respectively. From Figure 2 (b) we can observe an unequal distribution of gender across different self-reported frequency of prescription-free painkiller usage. With the exception of the first alternative ("never"), females are overrepresented. For "less than weekly", "at least weekly", "several times a week" and "daily", 55%, 67%, 73%
and 58% of the respondents are female.
Our econometric approach consists of applying an ordered logit model to usage of over-the counter analgesics on a set of control variables. Following the notion of Wooldrige [32] , let be and ordered response, in our case OTC analgesic usage, taking on the values for some known integer. Further, let a latent variable be derived as in Equation (1) ( )
In this equation, is a matrix of with independent (explanatory) variables with observations, denotes a vector of coefficients, and is a vector of residuals which are normally distributed conditional on. Let denote the threshold parameter or cut point. For a given value, we have. With the threshold parameters and the latent variable equation, can be derived as in Equation (2). The parameters to be estimated can be obtained by applying maximum likelihood estimation. The relevant log-likelihood function is given by Equation (3).
The obtained estimates of the model parameters, the response probabilities can be computed-see Equation (4).
Empirical Results
In this section we report the empirical results from applying an ordered logistic regression model to consumption of over-the-counter analgesics by Norwegian adolescents. 
Variation in Usage across Genders
The aim of this paper is to elucidate how the usage of over-the-counter analgesics varies across gender among Norwegian adolescents between 2014 and 2017.
Our econometric approach to answer the proposed research question consists of applying an ordered logit regression model with frequency of self-reported usage of OTC analgesics on a dichotomous gender variable. Both the dependent and independent variables are described in Equations (5) and (6).
if female Gender 0 if male
Gender takes on the values of if the respondent reported on being female and if male. No other gender expressions were permitted in the survey. Usage of OTC analgesics is an ordered discrete variable taking on values from to corresponding to: "never", "less than weekly", "at least weekly", "several times a week"
and "daily". 
if Never 2 if Less than weekly DrugUsage 3 if At least weekly 4 if Several times a week 5 if Daily
    =      " " " " " " " " " "(6)
Effect of Physical and Mental Health Problems
In this subsection, we investigate how both physical and mental health problems affect selfreported usage of OTC analgesics. Table 3 shows univariate and multivariate results from regressing OTC analgesic usage on various forms of physical pain and gender. As observed, all form of pain yields a significant odds ratio with positive effect both under univariate and multivariate specification. In other words, increased frequency and severity of neck and shoulder pain, joint and muscle pain, nausea, palpitations, headache and stomach ache predicts higher usage of OTC analgesics. The odds ratios, however, are closer to 1, i.e. no effect, when the model is multivariate. This is to be expected as there is correlation between these variables. The gender dummy for females is found to yield a positive effect on usage of OTC analgesics when controlling for the various physical pain variables. In other words, some of the difference observed between the gender regarding usage can be accounted for by different level of frequency and severity of physical pain. When physical health problems are taken into account, some of the observed gender difference is eliminated. Table 3 . Physical health problems (see Table A1 in the Appendix for further variable description). Table 4 . Depression like symptoms (see Table A2 in the Appendix for further variable description). Table 5 . Anxiety like symptoms (see Table A2 in the Appendix for further variable description). frequency and severity of all variables is found to predict increased usage of OTC analgesics under both specifications. Increased frequency of being afraid without any discernible reason, being anxious, felling dizziness, experiencing inner turmoil or nervousness, propensity to cry and self-blaming is found to predict higher usage of OTC analgesics. Being anxious is, however, found to yield conflicting effect on usage depending on model specification. The dichotomous gender variable remains positive and significant when controlling for these various symptoms of anxiety.
Determinants of Over-the-Counter Analgesic Consumption
In this subsection we investigate the empirical effect of various variables suggested in the extant literature on consumption of OTC analgesics. Table 6 shows summary statistics for a selection of these variables. Based on the summary statistics, we observe that females on average are significantly more bothered with physical and mental health problems, such as headache, stomach ache, sleep problems and depression like symptoms. These variables are measured on a scale from 1 to 4, where a higher number is associated with a higher frequency or severity of the issue. For example, the average score for females is 2.32 with a standard deviation of 0.84, while the average and standard deviation for males are 1.89 and 0.73 respectively. Hence, there is a difference of 0.43 which is found to be significantly different from zero. This implies that females on average have a significantly higher self-reported frequency and severity of headache. The same appears to be the case regarding stomach ache, sleep problem and depression Table 6 . Summary statistics of independent variables (see Table A3 in the Appendix for further variable description). , drink more coffee, less likely to evaluate sport achievements to be important for their status and more likely to have a high academic ambition. Some minor differences exist between the genders regarding frequency of getting intoxicated from drinking alcohol, being bullied, engage in spare-time job and evaluated importance of academic achievements among peers. No significant difference was found in propensity to shirk school. Table 7 shows both univariate and multivariate regression results from regressing usage of OTC analgesics on proposed explanatory variables suggested in the literature. The variables are sorted from most to least important based on the absolute value of the t-statistics from a univariate regression. Through backward elimination based on AIC and BIC values, we find that the best trade-off between explanatory power (log-likelihood) and model parsimony is found when all proposed variables are included. Table 8 reports the predicted response probabilities for each frequency of OTC analgesic usage across gender-based on both univariate and multivariate regression results. Response probability is plotted against frequency of OTC analgesic usage in Figure 3 . As observed, based the univariate regression results, there is a noticeable difference across all level of usage between the genders. The largest discrepancy is related to those who report to never use OTC analgesics.
For females and males, the response probability is 25.97% and 45.43% respectively. The smallest difference in probability is found for the highest frequency of usage. Here, the difference is only 1.43 percentage-points. Interestingly, when adding control variables (see Table 5 and Table 6 ) most of the gender-based difference evaporates.
Discussion and Conclusions
Usage of over-the-counter (OTC) analgesics has been documented to be both high and on an increasing trend. Another stylized fact shows that usage among females is considerably higher compared to males. It is, however, not clear what is driving this gender-based difference.
Using a large dataset of 284,674 observations of Norwegian adolescents attending junior high school and high school between 2014 and 2017, we investigate the prevalence of gender differences in usage of OTC analgesics. In a univariate setting, regressing only usage on a dichotomous gender variable, we find that females tend to have a significantly higher level of consuming OTC analgesics. Expanding the list of potential determinants, physical and mental health problems and sociodemographic variables are found to have a significant effect.
Summary statistics show that females tend to score higher on several variables that predict higher usage. Consequently, when controlling for these differences, most of the observed gender difference in OTC analgesic usage evaporates. While reduced, the effect of gender remains significant. Hence, some of the gender-based difference is still unexplained. Furthermore, goodness of fit statistics from our multivariate model suggests that there are additional determinants to be found.
We leave these issues to further research. Table A3 . Other variables (Section 3.3 Table 6 and Table 7 ). 
